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ABSTRACT

Tests of dimensional dominance with planometric
stimuli in either the visual or haptic modality were given to 108
children, 36 from each of the grade levels preschool, kindergarten,
and first. visual dimensions were form and color; haptic dimensions
were form and texture. Following initial dominance assessment,
one-third of the subjects were presented familiar forms and nowvel
colors (visually) or textures (naptically), one-third were presented
novel forms and familiar colors or textures, and one-third were
presented novel forms and novel colors or textures. Results indicated
that the shift to form dominance occurred relatively later in the
haptic modality (first grade) than in the visual modality
(kindergarten) . The effects of the novelty manipulation were cpposite
in the two modalities: Visually, introduction of novel color cues
with familiar forms produced the greatest shift towards color
dominance; haptically, intrcduction of novel form cueg produced the
greatest shift towards texture dominance. (Author)
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Abstract

.

One hundred and eight children, 36 from each of the grade levels
preschool, kirdergarten, and first, were giveu tests of dimensional dom-

inance with planometric stimuli in either the visual or haptic modality.

R (e

Visual dimensions were form and color; haptic dimensions were fcrm
and texture. Following initial dominance assessment, oae-third of the
subjects were presented familiar forms and novel colors (visually) or
textures (haptically), one-third were presented novel forms and farniliar
colors or textures, and one-third were presented novel forms and novel
colors or textures. Results indicated that the shift to form dominance
occurred relatively later in the haptic modality {first grade) thaxn in the
visual rodality (kindergarten). The effects of the novelty manipulation
were opposite in the two rodalities: Visually, introduction of novel color
cues with familiar forms produced the greatest shift towaras color domi-
nance; baptically, introduction of novel form cues produced “he greatest

shift towards texture dominance.
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Visual and Haptic Dimensional Dominance: The Effects of Noveltyl

Alexander W. Siegel and john C. Barber

University of Pittsburgh

Dimensional dominance or preference is typically inferred when a
subject consistently responds (withouvt external reinforcement) on the basis
of one stimulus dimansion when other dimensions ara also present. Much
of the developmental research in dimensional decminance has been done in
the visual modality, using a variety of paradigms (Brian & Goodenough,
1929; Corah, 1964; Mitler & Harris, 1969; Siegei & Vance, 1970; Suchman
& Trabasso, 1966). These studies indicated a shift from color to form
dominance sometime before five and one-half years of age, with some
variation as to the specific transition point depending on the kinds of stimmu-

li and method of dominance determination used.

Haptic dimensional dominance also shows developmeutal changes,
but the age of transition to form dominance seems to be more a function
of whether the stimuli are planometric or stereometric. Gliner, Pick,
Pick, and Hales (1969) founa that both kindergarteners and third-graders
were form dominant visually, but that haptically, kindergarteners were
texture dominant while third-graders were form dominant. The generality
of these results is questionable, however, because visual stimuli were
presented sirnultaneously, whereas haptic stimuli were presented suc-
cessively. Abravanel (1970) tested a group of preschool children (age

range 4-0 to 5-4) and a group of kindergarteness {age range 5-6 to 6-5)

1
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in a haptic recognition task with stereometric stimuli varying in form
and texture, and Abravanel found that kindergarteners made significantly

more matches on the basis of form {79%) than did the preschoolers (63%).

Siegel and Vance (1970) controlled for mode of presentation and
type of siimuli, and tested the same children in both visual and haptic
tasks. Stereometric stimuli were presented simultaneously to preschool-
ers, kindergarteners, first-graders, and third-graders. The pattern of
preference scores was essentially identical in both visual and haptic tasks.
For both tasks, all age groups except the preschoolers (whose mean per-
centage of form choices in the visual and haptic tasks was .49 and .54
respectively) showed marked form dorainance (the combined mean pro-
portion of form choices for the three oldest groups in the visual and hap-

tic tasks was .79 and . 81 respectively).

One of the purposes of the present study was to see if similar de-
velopmental trends would be found if children were tested with planometric
stimuli in visual and haptic tasks. Suchman and Trabasso (1966) used
planometric stimuli while Siegel and Vance (1970) used stereometric
stimuli, yet both studies found the shift to visual form dominance occur-
ring at around five years. On the basis of these studies, it could be argued
that developmental trends in visual form dominance should be unaffected
by whether planometric or three-dimensional stimuli are used. Thus,
we expected that a shift from visual color to form dominance should be
found in the present study between preschool and kindergarten. However,
given that Gliner et al.'s (1969) kindergarteners showed texture dominance
haptically when planometric stimuli were used, whereas Abravanel's (1970)
kindergarten grcup showed form dominance when stereometric stimuli
were used, it was expected that in the present study the shift to haptic
form domrinance should occur relatively later than that to visual form

dominance,
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In light of previous research, it is apparent that a rmore detailed
analysis of the transition period in both mcdalities is required. Specifi-
cally, assessment of the direction of pref rence is insufficient; the strength
of preference must also be determined. ~he most direct approach to the
problem would appear to involve the manisulation of various parameters
as hue saturation (Suchman & Tral asso, 1966), location of the color
value on a given form (Katz, 1971), symr :try of contour (Corah, 1966),
and degree of training (Gaines, 1970). However, these manipulations
have been restricted to the visual modality and the necessary developmental

analysis of the various stimulus manipulations has not beer considered.

Since many attentional theories assume that novcl cues on a dimen-
sion will differentially elicit more orienting or observing responses to
those cues (Berlyne, 1960; Fowler & Siegel, 1971; Zeaman & House, 1963),
then strength of initial dimensional dominance can be assessed by looking
at the extent to which novelty can override initial dominance (or the ex-
tent to which initial dominance is resistant to a novelty manipulation).
Additionally, if there are developmental differences in strength of domi-
nance, then one should also find developmental differences in the extent
to which novelty can override the initial dominance. Thus, a second pur-
pose of this study was to assess the strength of dimensional preference
by 2xamining developmentally the differential effects of stimulus ncovelty
on both visual and haptic dimensional dominance. Following initial pref-
erence assessment, novelty of one or both dimensions was systematically
varied in a between-groups desiga (i.e., novel {orms - familiar colors

or textures; familiar forms - novel colors or textures; novel forms and

novel colors or textures),




Method
Subjects .
The subjects were 108 white, middle-class children, 36 from
each of the grade levels preschool (Mean CA - 4 years - 5 months, Range =

3-6 to 5-1), kindergarten (Mecan CA - 5-8, Range - 5-2 to (-0), and first
grade (Mean CA = 6-9, Range = 6-1 t{o 8-0).

Stimuli

Stimuli for both initial assessment and novelty tasks were cut

s R

from 3.2 mm. masonite and paiated or covered on the whole exposed
upper surface. Stimuli for the initial visual preference assessment were
red and blue circles (8.9 cm. in diameter) and squares (7.6 cm. on a
side). The stimuli for the novelty task were a curved asymmetrical
figure and an angular asymmetrical (both of approximately the same area
as the circles and squares; see Figure 1), painted aurora pink or saturn

yellow (both fluorescent and very bright).

Stimuli for the initial haptic prefercnce assessment were rough
(60 grit sancpaper) and smooth circles (8.9 cm. in diameter) and squares
(7.6 cm. on a side). The stimu.i for the novelty task were the same
curved and angular asymmetrical figures used in the visual novelty tasks,

covered with bunny fur or suede.

Pretesting had indicated that all textures, colors, and shapes were

readily discriminable even by the youngest children. Since most children,
when asked, reported that they had not seen or felt the '"novel' stimuli
before, it can be assumed at the least that these stimulus values were

relatively novel.

Apparatus

Apparatus for the visual task was a wooden board 50 cm. long,

15 cm. wide, and 1 cm. thick, Stimuli were attached to the board by
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means of Velcro patches glued to the board and to the bottom of each
stimulus, thus allowing rapid removal and rapid, accurate, and stable
placement of stimuli. The three stimulus locations were equally spaced
in a horizontal line on the board. Asymmetrical stimuli of the same shape

were always attached in identical and constant orientations for every trial.

In the haptic task this trzy was presented to the subject through
the back of a plywood box which was 60 ¢m. high at the experimenter's
side of the box, 60 cm. wide, and 30 cm. deep. The front cf the box was
a 30 x 60 cm. panel, joined at the top by a 43 cm. long panel which sloped
upward to the experimenter's sice. Two 10 cm. diameter holes were cut
into the front panel; their centers were 30 cm. apart and !5 cm. from the
bottom of the panel. An elastic cuff was set in each hole so that the sub-
ject could insert his hand (up to the elbow) and feel the ;timuli. The ex-
perimenie.'s side of the apparatus was open so that he could arrange the
stimuli, pre:sent the stimulus tray, observe the subject's exploration,

and note when the subject made his ""choice' response.
Procedure

Each subject was tested individually in both the visual and haptic
tasks., The experimenter seated the subject opposite him at a desk and

told him that they would play some games,

In the visual task the child was shown the four familiar stimulus
attributes to be used in the initial preference assessment and was told
that he was going to see three things, and that he was to point to the two
things that were the same. The subject was tcld that this was a game,

not a test, and that there were no right or wrong answers. Following

these instructions, each subject was g ven the initial prelerence task,

consisting of eight trials in which the familiar stimuli were presented.

On each trial three stimuli were presented simultaneously, two of which




were the same form, and two of which were the same color. For example,
on trial n the subject was presented a red circle, a red square, and a

blue circle. If the subject indicated that the red circle and the red square
were the same, color was scored as the child's preferred dimension for
this comparison; if the subject indicated that the red circle and the blue
circle were the same, form was scored as the child's preferred dimen-

sion,

Followin; the initial preference assessment, a third of the children
at each grade level were assigned to one of three novelty conditions, de-
fined on the basis of the stimulus values used. Subjects in the Novel Color
condition were shown saturn vellow and aurora pink (novel ceolors) circles
and squares (familiar forms); subjects in the Nrvel Form cornditions saw
red and blue (familiar colors) asymmetrical curved and angular figures
(novel forms); subjects in the Novel Both condition saw saturn yellow and
aurora pink asymmetrical curved and angular figures. The Novelty task
consisted of another eight trials in each of which the subject had to pick

the two stimuli that v »re the sarne.

In the haptic task the chi'd felt the four familiar stimulus attributes
and was told that he was going to feel three things, and that after he felt
all three he was to leave his hands on the two that were the same. The
initial preference task consisted cf eight tr'als in which the familiar stim-
uli were presented. On each trial three stimuli were presented simul-
taneously, two of which were the same form, and two of which were the
same texture. Dimension preference was determined as in the visual

task,

Following the initial haptic preference assessment, a third of
the children at each grade level were assigned to one of three novelty

conditions: Subjects in the Novel Texture condition feit circles and squares
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(familiar forms) covered with bunny tur and suede (novel textures); sub-
jects in the Novel Form coadition felt rough or smooth (tanmhiar textures)
easymmetrical curved and angular figures (novel forms); subjects i the
Novel Both condition felt asynumetrical curved and angular figures cov-
ered with bunny fur or suede. The novelty task consisted of another eight
trials on each of which the subject had to pick the two stimuli that were

the same.

For all tasks (visual and haptic initial preference and novelty),
stimuli were chosen such that for each set of four stimuli, each of the
four possible combinations of three stimuli was presented twice. Order

of presentatior. and position of the stimuli on the board were randomized.

Half of the subjects were tested in the visual tasks first and then
tested in tne haptic tasks. The other half of the subjects were tested in
the reverse order. Due to severe confounding that might have been caused
by the influence of novelty in one modality on initial preference in the
other mcdality, only the data for a subject's first modality were considered

in any of the formal analyses.

Experimental design

Separate 3 (Gradc x 3 (Novelty condition) analyses of variance with
6 subjects/cell (3 boys, 3 girls) were performed on initial preference
scores and novelty scores .n both modalities. Preliminary t-tests per-
formed on thesec scores yielded no significant difierences on any of the
measures (all t's < 1), and thus sex was not included as a factor in any of

the analyses.




Results

Analyses of visual preference data

The number of subjects at cach grade level sl owing coansistent
dimensional dominance (defined as making at least seven out of eight
choices on one stimuius dimension, a rigorous criterion) on the iritial
preference assessment is shown in Table 1. Although more kindergar-
teners than preschoolers were form dominant, and more preschoolers
than kindergarteners were coler dominant, this difference was not sig-

nificant (_)52 < 1),

The pruportion of form choices for each subject on the initial
preference task was computed and the r.ean of these proportions for
each grade level is also presented in Tibie 1. Analysis of variance per-
formed on these proportions indicated that neithes the main effect of
Grade Level or Condition, nor the Grads X Condition interaction was
significant. As a group, however, only the preschoolers faiied to choose
form over color at a level signiticantly greater than chance (t = 1.5¢C,
df = 16, .05 <p <.10, one-tailed), whereas both kindergarteners and
first-graders showed a significant preference for form over color
(t .32.85, df = 16, p« .C1). Thus, preschoolers zs a group were neither
color nor form dominant (61% of the subjects werce form dominant; mean
proportion of form choices =, 64); kindergarteners and first-grauaers
were clearly form dominant (78% of the subjec‘s were form dominant;

mean proportion of form choices =, 78j,

To assess the relative streag’h of visual dimensional dominance
(i.e., its resistance to the novelty manipulation), the number of <1ildren
who shifted their dominant dimension from form to coior or color to form

on the novelty task was tallied, and is also presented in Table 1. Since

1
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t'ie novel form and color values were thought to be quite novel, it is

surprising that only 5 of the 54 subjects showed such a shift (all 5 shifted

from form to color dominance).

To assess the resistance of initial dimensional dominance to novel-
| ty, a change score ~was computed for each subject by subtracting the pro-

! portion of {orm choices made 01 the initial assessment task. Thus, a
positive change score represents some degree of shift away from form
and towards color dominance. The change scores are presented in

Table 1. A 3 (Grade) x 3 (Novelty condition) analysis of variance was

performed on these change scores. The main effect of grade level was

-

marginally significant (F = 2.86, df = 2/45, .05 <p < .10; ar orthogonal
comparison indicated that 84% of the variance was accounted for by the
significant difference between the combined mean change score of the
preschoolers and first-graders (. 03) and that of the kindergarteners
(.17) (i’ = 4.78, df = 1/45, p <.05). Although the main effect of Novelty

coxndition was not significant (F = 2. 20, df = 2/45, P > .10}, a post-hoc

orthogonal comparison indicated that, in line with the prediction, the
mean change score of subjects in the Novel Color condition (. 16) was
significantly greater than that of subjects in the Novel Form and Novel
Both conditions combined (.02) (F =4.13, df = 1/45, P <.05). As can

be seen from Table 1, the highly significant Grade x Condition interaction
(F = 3.88, df = 4/45, p <.01) was due primarily to kindergarteners in
the Novel Color condition--the novel colors produced a 50% shift away

from form and towards color dominance in this group of Ss.

Analyses of haptic preference data

The number of subjects at each graie level showing consistent di-

mensional dominance (defined as making at least seven out of eight choices

on one stiniulus dimension) on the initial preference assessment is shown

ot
Qo
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in Table 2. The apparent trend of an increasing number of form domi-

nant children and a decreasing number of texrure donmunant children with
?

increasing grade level was stat.stically s : iificant (22 = 5.3, df - 2,

P . 065). Out of 36 preschoolers and kindcrgarteners, 17 were form

dominant and 16 were texture dominant; out of is first-graders, 15 were

form dominant while only 3 were texture dominant.

The proportion of form choices for each subject was computed and
the mean of these nroportions for each grade level is also presented in
Table 2. Analysis of variance yielded only a marginally significant main
effect of grade level (F = 3, 16, df = 2/45, .05 <p<.10}). An orthogonat
comparison indicated that the combined mean proportion of form choices
for the preschoolers and kindergarteners (.52) was significantly lower
than that of the first-graders (.84) (F = 6,07, df = 1/45, p <.025), and.
this accounted for 98% of the marginally significant effect of grade level.
Both the preschool and kindergarten groups failed to s*~- nificant
preference for form over texture (t's < 1), whereas the first-graders

were markely form dominant (t = 4.20, df = 16, p< .001).

To assess the relative strength of haptic dimensional dominance,
the nuraber of children who shifted their dorainant dimension from form
to texture or texture to form on the novelty task is presented in Table 2.
In contrast to only 5 out of 54 children shifting dominance on the visual
task, 22 of 54 children shifted on the haptic task towards more texture
choices (17 went from form tc texture dominance; 2 went from incon-
sistent to texture dominance; and 3 went f1 >m form to inconsistent domi-
nance). It is apparent that although the number of subjects shifting at
each grade level is approximately the same, the number of subjects
within each novelty condition is markedly different; only 1 child shifted

under the Novel Texture condition, 8 under the Novel Form condition,

12
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and 13 under the Novel Both condition (2(_2 = 6.15, df = 2, p <.05). That

is, haptic dominance was least affected when novel textures were com-

bined with familiar forms.

As in the visual data, a change score was computed for each sub-
ject by subtracting the proportion of form choices made on the novelty
task from the proportion of form choices made on the initial assessment
task. Again, a positive change score represents some degree of shift
from form to texture dominance. These change scores were subjected
to a 3 (Grade level)} x 3 (Novelty condition) analysis of variance. Al-
though neither the main effect of age nor the Grade x Condition inter-
action was significant (F < 1), the main effect of Novelty condition was
highly significant (F = 13,66, df = 2/45, p <.001). Examination of the
mean change scores indicated directly opposite results to those found in
the visual modality, Post-hoc orthogonal comparisons indicated that the
scores of all three conditions were each significantly different from the
others (F 26,83, df = 1/45, P <.025). Interestingly, novel textures
combined with familiar forms produced only a 7% change in preference,
but when combined with novel forms produced a 68% change. The com-
bination of novel forms with familiar textures produced a large but inter-

mediate change of 37%.

Comparisons of intra-subject dimensional consistency

As mentioned previously, after each subject had completed both
the initial preference task and the novelty task, he or she was tested in
the other modality. Although these data were not considered in any of
the formal analyses, it is instructive to examine the relative frequency
with which subjects showed clear-cut dominance in both modalities so as
to assess (a) the degree of intra-modal dimensional consistency and (b)

its relationship with age. Table 3 presents the frequency of within-subject

14
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Table 3

Frequency of Within-Subject Dominance Patterns on
Both Visueci and Haptic Initial Preference Tasks

Number of Subjects at Fach Grade Level

Dominance Pattern Showing the Dominance Pattern (N=36/Grade)
Visual Task  Haptic Task Precchool Kindergarten First Grade
1. Form Form 9 17 26
2. Form Texture 17 12 3
3. Color Form 6 5
4. Color Texture 7 1 2

Consistent Dominance
Between Tasks (1 + 4) 16 18 28

Inconsistent Cominance
Between Tasks ( 2 + 3} 13 17 7

15




dominance patterans on both visual and haptic preference assessments.
(It is assumed that visual and haptic form are analogous and consistent
insofar as form information is contained solely i1n the boundary or peri-
meter of the stimuli. It is also assumed that visual color and haptic
texture are analogous and consistent insofar as the information concern-
ing that dimension is contained solely in the surface area bounded by

the perimeter.) If one compares developmentally the frequency of sub-
jects who were consistent between tasks (i.e., form dominant on both
tasks, or color dominant visually - texture dominant haptically) with the
frequency of subjects who were not consistent between tasks (color visu-
ally - form haptically or form visually - texture haptically), it can be
seen that intra-modality consistency increased from preschool to first
grade while inconsistency decreased (52 =7.05, df = 2, p <.05). Addi-
tionally, one can see from Table 2 that the frequency of children who
were form dominant in both modalities increased from preschool to
first grade (_2(_2 = 8.32, df = 2, p <.01), while the frequency of children
who were form dominant visually but texture dominant haptically de-

2
creased from preschool to first grade (X = 9.45, df = 2, p <.01).

Discussion

As expected, a shift to visual form dominance was found between
preschool and kindergarten, thus replicating with planometric stimuli
what Siegel and Vance (1970) had found with stereometric stimuli. Also,
as we predicted, the shift to haptic form dominance was found later (be-
tween kindergarten and firsi grade) when planometric stimuli were used
(corroborating the findings of Gliner et al., 1969) than when stercometric
stimuli were used (e.g., Abravanel, 1970). Although in both modalities
this dominance was quite marked when group data were considered, when

the number of subjects making at least seven out of eight form choices

,«\0\
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was considered, the shift to form dominance was more marked in the

haptic task,

Thus it appears that, at least in the age range studied, visual
form dominance comes about earlier, and is relatively unaffected by
whether stimuli are planometric or stereometric. However, haptic
form dominance occurs at the same time that visual form dominance does
when stereometric stimuli are used, but occurs later when planometric
stimuli are used. It would thus seem that at a certain transition point
(i. e., kindergarten in this study), form information is more reaaily

picked up and attended to haptically when the form is three-dimeusional,

The effects of the novelty manipulation were clearly greater for
the haptic than for the visual modality, In the visual task, form domi-
nance was relatively unaffected by the introduction of novel cues along
either dimension. However, mean change scores indicated that generally,
introduction of a novel color with a familiar form produced the most shift

towards color preference,

The effects of the novelty manipulation ‘were more striking in the
haptic modality, Whereas the mean change score in the visual task was
only .07, that in the haptic was .37. As is clear from Table 2, the sin-
gle most striking effect is the differential degree to which the various
novelty conditions produced a pull towards texture dominance. Interes-
tingly and surprisingly, the results were precisely opposite to those in
the visual task, Children who were given novel textures combined with
the familiar forms shifted hardly at all towards texture (only one subject
out of eighteen shifted). Novel forms, whether combined with novel or
familiar textures, however, produced a marked shift toward form domi-
nance. These results are puzzling and there appears no reasonable ex-

planatior for them. It would appear that the mechanism or process
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operating in the visual shift task is ¢ omehow different, or produces very

different effects, than that in the haptic shift task.

Bearing in mind the probable contamination of shift task in one
modality on initial preference in the other modality, it seems that cross-
modal consistency increases with grade level, as does cross-modal form
dominance; however, this trend is not as strong as that found by Siegel
and Vance (1970). This might indicate that stereometric stimuli tend to
produce a strunger cross-modal dominance consistency than planometric

stimuli.

A final caveat: Although all children were readily able to dis-
criminate all familiar and novel forms, textt res, and colors, there may
still have been a difference in relative discriminabilitv between any two
Cue values., The fact that in the present stuly the novelty manipulation
could well be confounded with an inadvertent discriminability manipula-
tion or a color intensity effect (Huang, 1945) would seem to argue that
further work in the area of dimensional dominance should be held in abey-
ance until some systernatic psycho-physical scaling of novzlly and dis-
crirninability of stimuli has been accomplished (4 1a Gliner et al, , 1969)

with both planometric and stereometric stimuli,
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